Expre!,sions for the electric and magnetic fields produced by a buried horizontal line source are derived for the special case of thequasi-static range in which the measurement distance is much less than an earth skin depth. It is shown that the resulting expressions are nearly identical to those produced by an elevated horizontal line source.
INTRODUCTION
The fields of a horizontal line source located near the surface of a plane, conducting, homogeneous earth have been considered by Carson, 1 Price, 2
Wait, 3 -6 von Aulock, 7 Vanyan, 8 Sunde, 9 and Bannister, 10-12 among others. These fields are utilized in the induction methods of geophysical prospecting that are discussed in considerable detail by Keller and Frischknecht 1 3 and Vanyan. 8 They are also used in determining the coupling between power lines and nearby antennas.
It is the purpose of this report to derive expressions for the magnetic and electric field components produced by a horizontal line source for a special portion of the quasi-static range, where the measurement distance is not only much less than a free-space wavelength but is also much less than an earth skin depth.
Choosing a rectangular coordinate system (x, y, z) , we find the ground is defined by the space z < 0 . Th2 wire, located at height (or depth) z = h, is parallel to the x axis. For frequencies less than 30 kHz and for measurement distances much less thqa a free-space wavelength (Xair), the displacement currents in the air and in the ground may be neglected.
Three specific cases of antenna configuration are examined. In case A, both the horizontal line source and the receiving antennas are elevated; in case B, bota antennas oxe buried; and in case C, the horizontal line source is buried and the receiving antennas are elevated.
DERIVATION OF THE MAGNETIC FIELD COMPONENTS CASE A -BOTH ANTENNAS ABOVE GROUND
For case A, where both antennas are above ground (which has been considered previously by Bannister 1 0 ), when there is a uniform current I in the wire of radius a , the electric field has only an x component, which is given by (Carson, 
where f 0 2 e-_,\(z+ly) 
1 0
When R 1 is much less than an earth skin depth 6( 2/4 l a it is permissible to let u equal X in the exact integral expressioms. Therefore, 
and H y Iy (10) 2rR 0 which agree with Bannister's 1 0 earlier results that were derived in a different manner.
CASE P -BOTH ANTENNAS BURIED
For case B, where both antennas are buried, when h > izi > 0 (see Fig. 2 )
In the above equation, When the same procedure used in case A is followed,
From Eqs. (7) and (12) For case C, where the line source is buried and the receiving antenna is elevated (see Fig 3) , The electric field component for case A, where both antennas are above ground (see Fig. 1 ), may be expressed as
In the above equation
0
If we let u = X in Eq. (2), the integral diverges. Therefore, we must solve the integral as it stands and then let I -R11 become small.
where += '(z+h~iy) 
where K 0 (IR 1 ) is the modified Bessel function of the second kind and order
zero.
When I''R<< 1,
1%R 1%
-(b-z) 2 When the magnetic field components were derived for case C (Eqs. (18) and (20)), the restriction h > z or z > h was not required. However, the electric field component formulas seem to require these restrictions. The formula for the electric field component is , iW.._.I
--e(uh+Xz) 
SUMMARY
The electric and magnetic field components produced by a long horizontal line source have been derived for the special case of the quasi-static range in which the measurement distance is much less than an earth skin depth.
When both the line source and the receiving antennas are elevated (Bannister 1 0 ), From the equations in this summary, it is noted that the field component expressions are essentially der.tcal for tle three cases considered. Jn fact, the magnetic field equa tions are consistent with the elementary results obtained from Ampere's law. The results may be explained by the fact that for measurement distances very close to the line source (R << ), the primary field is dominant. The air-earth interface has a niegligible effect to a first-order approximation.
